Ageing is associated with changes in the gut microbiome that may contribute to age-related changes in cognition. Previous work has shown that dietary supplements with multi-species live microorganisms can influence brain function, including induction of hippocampal synaptic plasticity and production of brain derived neurotrophic factor, in both young and aged rodents. However, the effect of such dietary supplements on memory processes has been less well documented, particularly in the context of aging. The main aim of the present study was to examine the impact of a long-term dietary supplement with a multi-species live Lactobacillus and Bifidobacteria mixture (Lactobacillus acidophilus CUL60, L. acidophilus CUL21, Bifidobacterium bifidum CUL20 and B. lactis CUL34) on tests of memory and behavioural flexibility in 15-17-month-old male rats. Following behavioural testing, the hippocampus and prefrontal cortex was extracted and analysed ex vivo using 1 H nuclear magnetic resonance ( 1 H NMR) spectroscopy to examine brain metabolites. The results showed a small beneficial effect of the dietary supplement on watermaze spatial navigation and robust improvements in long-term object recognition memory and short-term memory for object-in-place associations. Short-term object novelty and object temporal order memory was not influenced by the dietary supplement in aging rats. 1 H NMR analysis revealed diet-related regional-specific changes in brain metabolites; which indicated changes in several pathways contributing to modulation of neural signaling. These data suggest that chronic dietary supplement with multi-species live microorganisms can alter brain metabolites in aging rats and have beneficial effects on memory.
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Introduction
An increasing body of evidence indicates that the bacterial constituents of the gut microbiota can influence cognition and mood behaviours, although the exact nature and mechanisms of action remains to be determined (Burokas, Moloney, Dinan, & Cryan, 2015; Slyepchenko, Carvalho, Cha, Kasper, & McIntyre, 2014; Tillisch et al., 2013) . Communication between the gut and the brain appears to be bidirectional and includes neural, endocrine, immune and microbial metabolite pathways (Carabotti, Scirocco, Maselli, & Severi, 2015) . The gut microbiome is established in early life and can be influenced by diet, infection, stress, medication and aging (Distrutti et al., 2014; Hopkins, Sharp, & Macfarlane, 2001; Scott et al., 2017; Yatsunenko et al., 2012) . Indeed, dysregulation of the composition of the gut microbiome has been linked with psychiatric disorders, for example, major depressive disorder (e.g., Kelly et al., 2016; Logan & Katzman, 2005; Zheng et al., 2016) . These findings have led to the hypothesis that manipulation of the gut flora, for example by ''probiotic" supplements (i.e., consumption of gut bacteria that may convey health benefits), can influence brain function in psychiatric conditions and aging individuals (Benton, Williams, & Brown, 2007; Distrutti et al., 2014; Mello, Paroni, Daragjati, & Pilotto, 2016; Messaoudi et al., 2011; Tillisch et al., 2013) .
The gut microbiome changes with maturation, especially in the elderly (Arboleya, Watkins, Stanton, & Ross, 2016; Claesson et al., 2011; Leung & Thuret, 2015; Zapata & Quagliarello, 2015) and this change may influence aspects of brain function and behaviour, for
